Limited Retreat of the Wilkes Basin Ice Sheet during the Last Interglacial by Sutter, J. et al.
Limited Retreat of the Wilkes Basin Ice Sheet During
the Last Interglacial
J. Sutter1,2 , O. Eisen2,3 , M. Werner2 , K. Grosfeld2, T. Kleiner1 , and H. Fischer1
1Climate and Environmental Physics, Physics Institute, and Oeschger Centre for Climate Change Research, University of
Bern, Bern, Switzerland, 2Alfred Wegener Institute, Helmholtz‐Centre for Polar and Marine Research, Bremerhaven,
Germany, 3Department of Geosciences, University of Bremen, Bremen, Germany
Abstract The response of the East Antarctic Ice Sheet to global warming represents a major source of
uncertainty in sea‐level projections. Thinning of the East Antarctic George V and Sabrina Coast ice cover
is currently taking place, and regional ice‐sheet instability episodes might have been triggered in past warm
climates. However, the magnitude of ice retreat in the past cannot yet be quantitatively derived from
paleo‐proxy records alone. We propose that a runaway retreat of the George V coast grounding line and
subsequent instability of the Wilkes Basin ice sheet would either leave a clear imprint on the water isotope
composition in the Talos Dome region or prohibit a Talos Dome ice‐core record from the Last Interglacial
altogether. Testing this hypothesis, our ice‐sheet model simulations suggest that Wilkes Basin ice‐sheet
retreat remained relatively limited during the Last Interglacial and provide a constraint on Last Interglacial
East Antarctic grounding line stability.
Plain Language Summary The Wilkes Basin ice sheet, located in East Antarctica, harbors
enough ice to raise global sea level by several meters. Just like the West Antarctic Ice Sheet, it is
vulnerable to ocean warming and is currently losing mass at an accelerated pace. The Last Interglacial ca.
130,000 years ago witnessed global temperatures that are probably surpassed during the next decades and
serves as a potential analog for a future warmer planet. We show that during this time, one of the largest
marine sectors of the East Antarctic Ice Sheet only contributed relatively little to global sea‐level rise.
This indicates that keeping global temperatures in check could safeguard at least parts of the Antarctic Ice
Sheet from irreversible mass loss.
1. Introduction
The marine‐based sectors of the West Antarctic Ice Sheet (WAIS) and East Antarctic Ice Sheet (EAIS) are
vulnerable to ocean warming and could be destabilized by processes such as hydrofracturing of ice shelves,
ice cliff failure, and elevated basal melting at the grounding line. The large Wilkes and Aurora subglacial
basins in East Antarctica (see Figure 1a) hold enough ice to raise global sea level by approximately 12 m
(Fretwell et al., 2013). In comparison, the potential sea‐level contribution of West Antarctica, in case of a
complete marine ice sheet collapse, amounts to ∼3–4 m (Bamber et al., 2009). This illustrates that the role
of the EAIS for long‐term future global sea‐level rise needs to be critically assessed.
The large potential contribution to sea‐level rise of the EAIS is indicated by reconstructions of sea‐level high-
stands well beyond 10m for the mid‐Pliocene climate optimum (Dumitru et al., 2019; Grant et al., 2019;
Miller et al., 2012), which implies a retreated ice margin of the EAIS during this period (theoretically, the
Greenland Ice Sheet and WAIS in concert with land‐based glaciers and thermal expansion of the oceans
could add ∼10m to global sea level). However, uncertainties of sea‐level reconstructions going far back in
time can be substantial (Rovere et al., 2014). Specifically, it remains an open question whether contributions
from theWilkes and Aurora Basin were playing a major role in late Quaternary (last 400,000 years) sea‐level
highstands or whether sea‐level rise was mainly driven by West Antarctic Ice Sheet collapse and melt‐back
of the Greenland Ice Sheet (Dutton et al., 2015) during that time period.
Under current climate conditions, local outlet glaciers along the George V and Sabrina Coast are thinning
(Rignot et al., 2019), a process that will likely intensify with the ongoing warming trend. Proxy records sug-
gest increased ice discharge in past climate states warmer than the Holocene such as MIS5e, MIS 11 (Wilson
et al., 2018), and the mid‐Pliocene warm period (Aitken et al., 2016; Cook et al., 2013; Gulick et al., 2017;
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Scherer et al., 2016). Ice sheet modeling studies corroborate these observations, displaying a substantial
retreat of the ice margin for both regions forced by a warming of the Southern Ocean beyond
approximately 2 K (DeConto & Pollard, 2016; Golledge et al., 2015; Mengel & Levermann, 2014). Ocean
warming of this magnitude could be caused by circulation changes, carrying relatively warm circumpolar
deep water into ice shelf cavities (Fogwill et al., 2014; Hellmer et al., 2017) and via overall warming of the
Southern Ocean due to atmospheric forcing. The CMIP5 model ensemble predicts a regional 21st century
warming of Antarctic Shelf Bottom Water of approximately 0.25 K (the water masses relevant for ice shelf
melting) even under the strict CO2 mitigation scenario RCP2.6 (Little & Urban, 2016). Warming might
increase toward 2 K in the subsurface of the Pacific sector of the Southern Ocean for scenarios with
proliferate greenhouse gas emissions (see Figure S7). This would place end of century ocean warming
well within reach of estimated tipping points of both the WAIS and the EAIS (Fischer et al., 2018).
1.1. TALDICE, Recorder of Potential Ice Sheet Instabilities
The underlying hypothesis of this work is that a minor retreat of the George V Coast grounding line could
destabilize theWilkes Basin marine ice sheet (Mengel & Levermann, 2014). We propose that this would lead
to a drastic lowering of the ice elevation in the neighboring Talos Dome region leaving an imprint in the
water isotope record, which is an archive of paleo‐temperatures and sea‐ice/ice‐sheet changes (Holloway
et al., 2016). In fact, the viability of an ice core spanning the last glacial‐interglacial cycle at Talos Dome
would be questionable for such a scenario as elevated ice flow persisting for millennia would prohibit the
Figure 1. (a) Location of East Antarctic deep ice cores, marine basins, and the present‐day grounding line margin (black line, BEDMAP2; Fretwell et al., 2013).
The George V Coast and its ice shelves are highlighted in the bottom panel. (b) Ice‐core δ18O records of the East Antarctic ice cores at Talos Dome (TALDICE),
EPICA Dronning Maud Land (EDML), EPICA Dome C (EDC), Dome Fuji, and Vostok as temperature proxies covering the Last Interglacial (132–118 ka BP)
and Termination II (ca. 140–130 ka BP). Solid colored lines depict data from Masson‐Delmotte et al. (2011) (running mean, thin black lines show original data),
including the mean Holocene signature (horizontal dashed lines). The shaded curves illustrate the δ18O record after correction for surface elevation changes
in a paleo‐ice‐sheet simulation (Sutter et al., 2019) using an elevation lapse rate of 0.8 K/100m (Frezzotti et al., 2007) and a δ18O/temperature gradient of
0.7–1.4 permil/K.
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conservation of ice from the Last Interglacial (LIG). The Talos Dome Ice Core (TALDICE) (Frezzotti et al.,
2007) drill site is situated on a local ice dome next to the Transantarctic Mountains. The dome rests on the
edge of the East Antarctic Plateau close to the South‐Pacific sector of the Southern Ocean (see Figure 2). Its
location in the headlands of theWilkes Basin outflow regionmakes it the ideal recorder of potential episodes
of regional grounding line retreat in the past. The TALDICE record continuously covers the LIG and has a
maximum age of over 300,000 years (Buiron et al., 2011). Talos Dome is situated relatively close to the
major outlet glaciers of the George V Coast (Figure 2) over heavily undulating bedrock in close proximity
to deep submarine bedrock troughs. These bedrock troughs protruding hundreds of kilometers into the
interior of the East Antarctic Ice Sheet form pathways alongwhich the ice sheet can retreat (Morlighem et al.,
2019). One of those bedrock throughs is only a few tens of kilometer west of Talos Dome (see inlet in
Figure 2).
In contrast, the continental ice cores EPICA Dome C, Dome Fuji, and Vostok are isolated by much larger
distances from the coast, which makes them relatively insensitive to grounding line migration. Their low
glacial‐interglacial thickness changes (Sutter et al., 2019) and stable water vapor source regions (Masson‐
Delmotte et al., 2011) make them reliable recorders of large‐scale Antarctic climate variations with small ele-
vation change corrections to their isotope‐temperature record (see Figure 1b). TALDICE on the contrary
might have been influenced by shifts in its isotope source regions and potentially large changes in ice thick-
ness variations. We make use of the relative coherence of the interior ice core records (Dome C, Dome Fuji
and Vostok) by investigating surface elevation and ice flow changes at TALDICE in response to a regional
instability of the Wilkes Basin ice sheet during the LIG. To estimate the imprint of this instability on the
TALDICE δ18O‐record, we convert simulated surface elevation changes to temperature assuming a lapse
rate of 0.8 K/100m (Frezzotti et al., 2007) and calculate the changes in local δ18O with a regional
isotope/temperature relationship of 0.7–1.4 permil/K derived from Werner et al. (2018).
2. Forcing East Antarctic Ice Sheet Retreat During the LIG
We use the Parallel Ice Sheet Model (PISM Bueler & Brown, 2009; Winkelmann et al., 2011) using 4‐, 8‐, and
16‐km grid resolution employing a subgrid interpolation of the grounding line position and stresses
(Feldmann et al., 2014) to allow for a realistic representation of grounding line dynamics at resolutions coar-
ser than 1 km. We do not expect our results to change qualitatively at higher mesh resolution due to the con-
vergence of the ice sheet's response with higher resolution and the fact that the grounding line around the
George V coast tends to respond more rapidly at finer grid resolution (see Figure S2). It is important to note
that we do not use the subgrid melting option in PISM, which would allow melting underneath partially
floating grid nodes, as we think this could overestimate melting slightly and therefore lead to an oversensi-
tive grounding line (Seroussi & Morlighem, 2018). Transient LIG climate forcing is established from Earth
SystemModel snapshot simulations and interpolated in between these snapshots via a climate index, which
provides a continuous spatial forcing throughout the LIG (Sutter et al., 2019). The LIG climate snapshot is
derived from Pfeiffer and Lohmann (2016). The standalone ice sheet model simulations are initiated from
a paleo‐spinup at the onset of the LIG (Termination II; 130 ka BP; see Figure S4) and run until the end of
the LIG (120 ka BP). We test the null hypothesis (i.e., absence of marine ice sheet instability along the
George V Coast) in a control simulation from a transient ensemble run covering the last 2 million years
(Sutter et al., 2019). In this control simulation, regional LIG subsurface ocean temperatures are approxi-
mately 2 K warmer than present for a short time (between ca. 128.5 and 128.3 kyr BP), but the ice margin
remains close to the present‐day configuration. Ice elevation changes simulated in the control scenario only
lead to a modest imprint on the TALDICE ice core record (see Figure 1b).
To study the effects of a large‐scale grounding line retreat on the ice flow at TALDICE, a subshelf melt rate
perturbation is applied to the ice shelves of the George V and Sabrina Coast. During this perturbation, we
quasi‐instantaneously remove ice shelves via enhanced subshelf melting (similar to Martin et al., 2019;
S. Sun, personal communication) for a limited amount of time. We switch back to transient LIG conditions
at the end of the perturbation period, allowing the ice shelves to regrow. The perturbation is only applied to
the ice shelves of the George V and Sabrina Coast while the rest of the ice shelves are forced as in the LIG
control simulation.
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2.1. Bistable State of the George V Coast Ice Margin During the LIG
The removal of the buttressing force via the prescribed disintegration of the ice shelves leads to a retreat of
the icemargin along the George V Coast. We find a tipping point behavior (onset of marine ice sheet instabil-
ity) upon a certain retreat of the grounding line (see Figure 3), as expected from earlier modeling exercises
that use a present day ice sheet configuration (DeConto & Pollard, 2016; Golledge et al., 2019; Mengel &
Levermann, 2014; S. Sun, personal communication). Destabilization of the Wilkes Basin is initiated in all
experiments by thinning of the Ninnis Glacier (see Videos S1‐3) and subsequent retreat along a deep and
narrow retrograde (inland‐downward) bedrock slope underneath Ninnis Glacier (Morlighem et al., 2019).
The Cook Ice stream initially retains constant ice flow due to its advanced frontal position at Termination
II but is destabilized ca. 500 years into the simulation for most of the runs due to the propagation of the
Ninnis Glacier instability into the Cook Glacier basin (see Movies S1–S5). To trigger irreversible grounding
line retreat, the perturbation must be upheld for 300 (4 km), 400 (8 km), and 500 years (16 km) (see Table 1).
Higher grid resolution consistently leads to a more sensitive grounding line response most probably due to
finer resolution of outlet glaciers and hence faster drainage of ice. Potential pinning points only resolved at
higher resolution do not compensate this. The Mertz ice stream is a case in point, as it only retreats in the
simulations with 4‐km resolution (see Figure S2).
Interestingly, delayed deglaciation of the Wilkes Subglacial Basin occurs in the A‐3 experiment (4‐km reso-
lution, 300‐year perturbation). Removing the ice shelves for 300 years leads to an initial retreat of the Ninnis
Glacier front as in the other experiments, while the remaining grounding line is pinned to its initial position
at the time of Termination II. After 300 years (the end of the perturbation), ice shelves regrow while high
melt rates due to elevated ocean temperatures thin out the ice at the grounding line. Runaway retreat in this
scenario is delayed by more than 1,000 years following the same pattern and final extend of grounding line
retreat as in the other simulations. It is important to note that the Wilkes Basin ice sheet responds much
more sensitively than the Aurora Basin ice cover to the strong perturbation applied here. An advanced ice
front largely stabilizes the Sabrina Coastline at the end of Termination II (see Figure S4) in our
Figure 2. Satellite (InSAR)‐derived surface velocities in the study region at 900‐m resolution (data from Rignot et al., 2013). The black line depicts the present
day grounding line (16‐km resolution). The magnified region illustrates the surface contours and bedrock topography around TALDICE (data from
Fretwell et al., 2013). Note the deep (≤ −1,000 m) bedrock channel west (grid‐right) of TALDICE and the close proximity to the Wilkes Subglacial Basin.
Changes in bedrock elevation between BedMachine (Morlighem et al., 2019) and Bedmap2 (Fretwell et al., 2013) can be substantial, potentially affecting
simulated ice flow. However, differences in the Talos Dome region are relatively small (Figure S5); therefore, we do not expect our results to be
affected significantly.
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experiments and the grounding line remains close to its present day configuration. Recent studies support
the notion of relatively stable glaciers along the Sabrina Coast even for strong forcing (Martin et al., 2019;
S. Sun, personal communication). We deem our model results to be conservative with regard to
grounding line sensitivity as our model setup projects future sea‐level contributions on the lower end of
the spectrum in model intercomparison studies (Levermann et al., 2019; Seroussi et al., 2019) pointing to
a muted dynamic response to external perturbations. Furthermore, the Wilkes Coast ice margin in our
model setup is more stable compared to models with ≤1km resolution at the grounding line in
perturbation experiments similar to the one applied here but for present‐day boundary conditions (S. Sun,
personal communication). The main driver of ice sheet retreat in our simulations is clearly the removal of
ice shelves along the George V Coast while surface melt is absent as surface temperatures are not warm
enough in Pfeiffer and Lohmann (2016). However, Golledge et al. (2017), for example, showed that strong
surface warming (≥8K) in this region can lead to surface melt and ice fabric softening in turn driving ice
sheet collapse in absence of additional ocean warming.
3. Imprint of Wilkes Basin Ice Sheet Collapse on the
TALDICE Record
We observe only two stable configurations of the Wilkes Basin ice sheet
during the LIG (a persistent feature at all tested resolutions). Either the
grounding line retreat is kept in check by the rebounding bedrock and
reformation of ice shelves (Talos Dome ice thickness change is limited to
100–200 m), or runaway retreat leads to a 1,000‐m near‐step‐wise decline
in ice thickness at Talos Dome (illustrated in Figure 4b). In the stable
mode, the expected effect of elevation changes on the isotopic composition
in the TALDICE record ismoderate and similar to the one simulated in the
control simulation. In this case, the sea‐level contribution of the Wilkes
Figure 3. (a) Surface velocity at TALDICE in experiments with 100‐ (only for 4 km), 300‐ (dashed lines), and 500‐year perturbation time for 4 (red curves), 8
(green curves), and 16 km (blue curves) resolution. (b) Same for TALDICE ice thickness. (c) Same for Wilkes Basin sea‐level equivalent ice loss.
Table 1
Selected Perturbation Experiments During the Last Interglacial and
Corresponding Simulation Names With Corresponding Perturbation Time
(Years) and Model Resolution (Res)
Pt (years) 300 400 500
Res 4 km A3 A4 A5
Res 8 km B3 B4 B5
Res 16 km C3 C4 C5
Note. The experiments highlighted in bold depict the minimum time the
perturbation has to be upheld to initiate ice sheet collapse (300 a for 4 km,
400 years for 8 km, 500 years for 16 km resolution).
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Basin is limited to approximately 0.4–0.8 m (depending on resolution; see
Figure 3c). Talos Dome ice thickness is drastically reduced in the unstable
mode accompanied by an increase in surface velocity and a sea‐level con-
tribution of approximately 1.7–2.5 m (Figure 3c). The drop in surface ele-
vation at Talos Dome would have to be clearly visible as a change of 6–
11 permil δ18O in the isotopic record, yet the observed TALDICE record
shows no sudden peak in δ18O at any time during the LIG. The δ18O eleva-
tion correction at TalosDomewould surpass the interglacial climate signal
at TALDICE (∼2 permil δ18O Masson‐Delmotte et al., 2011) by a factor of
3–6. However, a reconfiguration of the ice flow around Talos Dome as
simulated here would cause a migration of the local ice dome and lead
to a steep ice surface gradient across the region (see Figure S6).
Therefore, an upstream correction would be required, partly mitigating
the elevation correction on the isotope record. To calculate potential
upstream corrections, we track the pathways of snowfall in the Talos
Dome region during the LIG via passive tracer advection in the ice. It turns
out that the steep increase in ice flow (see Figures 3a and 4b) would prohi-
bit a record of LIG atmospheric conditions at Talos Dome altogether as ice
from this period would have been already drained into the ocean or frozen
to the bed (Movie S5/S6 and Figure S6). We therefore conclude that any
retreat of the icemargin in theWilkes andAurora subglacial basins during
the LIG must have been of limited extent. Consequently, the Antarctic
contribution to LIG sea‐level rise almost entirely originated from the
demise of theWest Antarctic Ice or other sectors of the EAIS not discussed
here such as the Recovery Glacier (Golledge et al., 2017).
4. Conclusions
The stability of the East Antarctic Ice Sheet in a warming world remains a
pressing and as of yet unresolved matter. The outcome emerging from the
synthesis of our continental ice sheet modeling exercises with proxy
records from ice cores exclude a large‐scale retreat of the ice margin of
the George V and Sabrina Coast for the LIG. In addition, it provides upper
limits for the sea‐level contribution of the Wilkes Basin during the LIG of
approximately 0.4–0.8 m. Interglacial ice dynamics of marine ice sheets depend not only on the external for-
cing but also on their preconditioning, for example, through the preceding glacial termination. Therefore,
our modeling results for the LIG should not be interpreted as a strict analog for the future behavior of the
EAIS. However, our results imply that keeping Antarctic temperatures within LIG levels could warrant
the stability of both the George V and Sabrina Coast. This means that strong mitigation efforts as established
in the COP21 Paris Agreement, while not necessarily guaranteeing the stability of WAIS, could at least pre-
vent substantial sea‐level contributions from the EAIS.
Data Availability Statement
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available from the corresponding author. PISM is available online (https://pism-docs.org/wiki/doku.php).
Data sets used in this research are freely available: BEDMAP2 data (Fretwell et al., 2013) is available online
(https://secure.antarctica.ac.uk/data/bedmap2/). Last Interglacial climate forcing is available from the cor-
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